Cyclic Orthogonal and Balanced Arrays(Optimal Combinatorial Structures on Discrete Mathematical Models) by 藤原, 良 & 栗木, 進二
Title Cyclic Orthogonal and Balanced Arrays(OptimalCombinatorial Structures on Discrete Mathematical Models)
Author(s)藤原, 良; 栗木, 進二












$S=\{0,1, \cdots, s-1\}$ $n\cross m$ $T$
$T$ 2 balanced array $BA(n, m, s, 2)$
(i) $T$ 2 $T_{0}$ $i,$ $j\in S$ $(i, j)$
$T_{0}$ $\mu_{i,j}$
(ii) $i,$ $j\in S$ $\mu_{i_{\dot{J}}},=\mu_{j,i}$
$S$ $i,$ $j\in S$ $\mu_{i,j}=\mu$ $T$
orthogonal array $OA(n, m, s, 2)$ $n=\mu s^{2}$
$BA,$ $OA$ Addelman
and Kempthorne [1], Bose and Bush [2], Bush [3], Seiden [8], Seiden and Zemach [9],
Chakravarti [4], Rafter and Seiden [7], Srivastava [10], Srivastava and Chopra [11],
Yamamoto, Namikawa and Fujii [12]
820 1993 102-111
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$T$ $(t_{1}, t_{2}, \cdots, t_{m})$ $(t_{m}, t_{1}, \cdots, t_{m-1})$ $T$
$T$ cyclic cyclic $BA$ , cyclic $OA$
1.1 52 $\cross 13$ cyclic $BA(52,13,3,2)$ $\mu 0,0=14,$ $\mu_{0,1}=\mu_{0,2}=7$ ,
$\mu_{1,1}=\mu_{2,2}=2,$ $\mu_{1,2}=3$
2 . cyclic $(r, \lambda)$-design with MBN nested
$V$ $v$ $\mathcal{B}$ $V$ $V$ $\mathcal{B}$
$(V, \mathcal{B})$ $Z_{v}$ $v$
$V=Z_{v}$ $(V, \mathcal{B})$ $\mathcal{B}$ $\{a_{1}, a_{2}, \cdots, a_{k}\}$
$\{a_{1}+1, a_{2}+1, \cdots, a_{k}+1\}(mod v)$ $\mathcal{B}$ $\vee 7^{\backslash }\backslash$ $P$ $(V, \mathcal{B})$
cyclic




$(r, \lambda)$ -design (V, $\mathcal{B}$) $BA(b, v, 2,2)$
2.1 cyclic $(r, \lambda)$-design (V, $\mathcal{B}$ ) $\mu_{1,1}=\lambda,$ $\mu_{0,1}=r-\lambda,$ $\mu 0,0=b-2r+\lambda$
cyclic $BA(b, v, 2,2)$ $v=|V|,$ $b=|\mathcal{B}|$
2.2 cyclic $(r, \lambda)$ -design (V, $\mathcal{B}$) $2\lambda\leq r,$ $b\leq 3r-2\lambda$ $\mu=r-\lambda$
cyclic $OA(b, v, 2,2)$ $v=|V|,$ $b=|\mathcal{B}|$
$s(\geq 3)$ balanced array Kuriki and Fuji-Hara [6],
Fuji-Hara and Kuriki [5] $(r, \lambda)$-design with MBN
$BA(n, m, s, 2)$
$(V, B)$ $(r, \lambda)$-design $\mathcal{B}$ $B$ $g$ $B_{1},$ $B_{2},$ $\cdots,$ $B_{g}$
( ) $i$
$B_{i}$ $\mathcal{B}_{i}$ $\Pi=\{\mathcal{B}_{1}, \mathcal{B}_{2}, \cdots, \mathcal{B}_{g}\}$ $(r, \lambda)$ -design with mutually
balanced nested subdesigns ( $(r,$ $\lambda)$-design with MBN)
$(V, \mathcal{B}, \Pi)$
(i) $(V, \mathcal{B};)$ $(r_{i}, \lambda_{i})$-design ($i=1,2,$ $\cdots$ , g)
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(ii) $V$ 2 $x,$ $y$ $x$ $i$ $y$ $j$
$\mathcal{B}$ $B$ $\lambda_{i,j}$
$\lambda_{i,j}=\lambda_{j,i},$ $\lambda_{i}=\lambda_{i,i}$
$r= \sum_{i=1}^{g}r_{i}$ , $\lambda=\sum_{i=1}^{g}\lambda_{i}+2\sum_{1\leq i<j\leq g}\lambda_{i,j}$
2.3 cyclic $(r, \lambda)$-design ( $V,$ $\mathcal{B}$ , II) with MBN
$\mu_{i,j}=\{\begin{array}{l}\lambda_{i,j},i\neq j,i,j\neq 0\lambda_{i},i=j\neq 0r_{i}-\sum_{j’=1}^{s-1}\lambda_{i,j’},i\neq 0,j=0b-2r+\lambda,i=j=0\end{array}$
cyclic $BA(b, v, s, 2)$ $v=|V|,$ $b=|\mathcal{B}|,$ $s=|\square |+1$




$\text{ ^{}\not\in}\text{ ^{}X}\text{ ^{}B\grave{\grave{\backslash }}\mathcal{B}_{\text{ _{ }}^{\text{ _{}\backslash }}}}V\text{ _{}\check{\mathcal{D}}\text{ ^{}i}t_{\grave{A}}Aa^{\text{ _{ }}^{\backslash \backslash }}}J\backslash \backslash \backslash$
$J\text{ _{ ^{ _{}^{arrow}}\text{ _{ ^{ ^{}\backslash }}}}\llcorner}\backslash$ \nearrow ’ $\text{ ^{}p}\text{ ^{ }}$
$v\cross b$ $T=[t_{x,u}]$ $T$ cyclic $BA(b, v, s, 2)$
cyclic $(r, \lambda)$-design with MBN $Z_{v}$ $D$
$D\ominus D=\lambda(Z_{v}-\{0\})$
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$D$ $\lambda$ $D\ominus D=\{d-d’(mod v)$
$|(d, d’)\in D\cross D,$ $d\neq d’$ } $Z_{v}$ $D^{(1)},$ $D^{(2)},$ $\cdots,$ $D^{(e)}$
$\bigcup_{h=1}^{e}(D^{(h)}\ominus D^{(h)})=\lambda(Z_{v}-\{0\})$
$\{D^{(1)}, D^{(2)}, \cdots, D^{(e)}\}$ $\lambda$
$Z_{v}$ $D_{1},$ $D_{2},$ $\cdots,$ $D_{g}$ $(D_{1}, D_{2}, \cdots, D_{g})$
nested
(i) $D_{i}$ $\lambda_{i}$ $(i=1,2, \cdots, g)$
(ii) $D_{i},$ $D_{j}(1\leq i<j\leq g)$
$D_{i}\ominus D_{j}=\lambda_{i,j}(Z_{v}-\{0\})$
$D_{i}\ominus D_{J}\cdot=\{d-d’(mod v)|(d, d’)\in D_{i}\cross D_{j}\}$ nested
$Z_{v}$ $D_{i}^{(h)}(1\leq h\leq e, 1\leq i\leq g)$
$D=$ $\{$ $(D_{1}^{(1)}, D_{2}^{(1)}, \cdots, D_{g}^{(1)})$ ,
$(D_{1}^{(2)}, D_{2}^{(2)}, \cdots, D_{g}^{(2)})$ ,
:
$(D_{1}^{(e)}, D_{2}^{(e)}, \cdots, D_{g}^{(e)})$ }
$D_{1}^{(h)},$ $D_{2}^{(h)},$
$\cdots,$
$D_{g}^{(h)}$ 1 $D$ nested
(i) $\{D_{i}^{(1)}, D_{i}^{(2)}, \cdots, D_{i}^{(e)}\}$ $\lambda_{i}$ $(i=1,2, \cdots, g)$
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(ii) $D_{i},$ $D_{j}(1\leq i<j\leq g)$
$\cup^{e}(D_{i}^{(h)}\ominus D_{j}^{(h)})=\lambda_{i,j}(Z_{v}-\{0\})$
$h=1$
2.4 nested cyclic $(r, \lambda)$-design $(V, \mathcal{B}, \Pi)$ with
MBN $r_{i}=\Sigma_{h=1}^{e}|D_{i}^{(h)}|(i=1,2, \cdots, g)$
3.
nested cyclic $BA$ , cyclic $OA$
$v$ $v-1=pf$ $Z_{v}$ $\alpha$ $H_{u}^{p}=\{\alpha^{d}|d\equiv u$
$(mod p)\}$ $C_{p}=\{c_{0}, c_{1}, \cdots, c_{p-1}\},$ $c_{u}\in H_{u}^{p}$ $C_{p}$
$L_{1},$ $L_{2},$ $\cdots,$ $L_{g}$
$D=$ $\{(c(L_{1}\circ H_{0}^{p}), c(L_{2}oH_{0}^{p}), \cdots, c(L_{g}\circ H_{0}^{p}))|c\in C_{p}\}$
nested $WoW’=\{ww’|w\in W, w’\in W’\}$ $\ell_{i}=|L_{i}|$
$(i=1,2, \cdots, g)$
3.1 $v=pf+1$ $\ell_{1}+\ell_{2}+\cdots+\ell_{g}\leq p$
$r_{i}=pfl_{i}$ , $\lambda_{i}=\ell_{i}(f\ell_{i}-1)$ , $\lambda_{i_{J}},\cdot=f\ell_{i}\ell_{j}$ $(1\leq i<j\leq g)$
nested
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3.1 $p=4,$ $f=3,$ $v$ 13, $\ell=\ell=1,$ $g=2$ $Z_{13}$ 2
$Z_{13}=$ { $0$ , 1, 3, 9,
2, 6, 5,
4, 12, 10,
8, 11, 7 }
$0_{4}=\{1,2,4,8\}$
$H0=\{1,3,9\}$ , $H1=\{2,6,5\}$ , $H\ovalbox{\tt\small REJECT}=\{4,12,10\}$ , $H$ $=\{8,11,7\}$
$L_{1}$ {1}, $L_{2}=\{2\}$
nested $D$ :
1 3 92 6 5
265412 10




3.1 2.3 2.4 cyclic $BA$ , cyclic $O$
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3.2 $v=pf+1$ $\ell_{1}+l_{2}+\cdots+l_{s-1}\leq P$ cyclic $BA(pv, v, s, 2)$
$\mu_{i,j}=\{\begin{array}{l}f\ell_{i}\ell_{j},i\neq j,i,j\neq 0l_{i}(fl_{i}-1),i=j\neq 0\ell_{i}\{f(p-\ell)+1\},i\neq 0,j=0(p-\ell)\{f(p-\ell)+1\},i=j=0\end{array}$
$\ell=\ell_{1}+\ell_{2}+\cdots+\ell_{s-1}$
3.1 balanced array 1.1
$n=v$ 1 cyclic $BA$ $T$ $(a, a, \cdots, a),$ $a\in S$
cyclic $OA$ $T$ cyclic $OA$
3.3 $s\geq 3$ $s$ cyclic $OA$
1 cyclic $BA$ $T$ $T$ cyclic $(r, \lambda)$-design (V, $\mathcal{B},$ $\Pi$ )
with MBN $k_{i}(i=$
1, 2, $\cdots,$ $s-1$ ) ( $V,$ $\mathcal{B}$ , ) nested
$r_{i}=k_{i}$ , $\lambda_{i}(v-1)=k_{i}(k_{i}-1)$ , $\lambda_{ii}(v-1)=k_{i}k_{j}$ , $(i, j=1,2, \cdots, s-1, i\neq j)$
2.3 $T$
$\mu_{i,0}=r_{i}-\sum_{j=1}^{s-1}\lambda_{ij’}$ , $\mu_{i_{\dot{d}}}=\lambda_{i,j}$ , $(i, j=1,2, \cdots, s-1, i\neq j)$
$T$ cyclic $OA$ $\mu_{i,j}=\lambda_{i,\dot{j}}=\frac{k_{i}k_{j}}{v-1}$ $\dot{\iota}$ $j$
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